Abstract A novel polycationic analogue of gratisin, cyclo(-Val-Orn-Leu-D-Phe-Pro-D-Lys-) 2 , was designed and synthesized, which exhibited strong activity against all Gram-positive and Gram-negative bacteria tested. Its activity against Pseudomonas aeruginosa IFO 3080 was two times higher than gramicidin S.
, is a potent cyclopeptide antibiotic isolated from Bacillus brevis Y-33. It has been proposed that the principal modes of antibiotic actions result from an interaction of GR with the cell membrane of the target bacteria. GR then adopts an antiparallel b-sheet conformation, which disrupts cell membrane [3] . So far, no resistance has been found for the antibiotic, because it requires significant alteration of the lipid composition of the cell membrane [4] . In view of widespread antibiotic resistance that has become a serious threat to public health, amphiphilic antibiotics are attractive targets for drug discovery. However, in contrast to the strong activity against Gram-positive bacteria, GR is inactive against Gram-negative bacteria. On the other hand, polycationic analogues of gramicidin S (GS), which is also an amphiphilic membrance-active cyclic decapeptide, cyclo(-Val 1 -Orn 2 -Leu 3 -D-Phe 4 -Pro 5 -) 2 , are strongly active against both Gram-positive and Gram-negative bacteria, and its polycationic nature is considered to be responsible for the antibacterial activity [5] . It has been shown that polycationic analogues efficiently permeabilize the outer membrance of Gram-negative bacteria. Therefore, we planed to synthesize GR analogues that possess additional amino acid residues with amino group side chain, expecting the polycationic GR analogues to be active against both Gram-positive and Gram-negative bacteria.
In the present account, we designed and synthesized a novel GR analogue, cyclo(-Val-Orn-Leu-D-Phe-Pro-DLys-) 2 (1), which has D-Lys 6,6Ј residues in place of D-Tyr 6,6Ј
residues. We selected D-Tyr 6,6Ј residues as the replacement sites of D-Lys residues, because [D-Phe 6,6Ј ]-GR and [DAla 6 ,6Ј ]-GR possess similar antimicrobial activity and secondary structure to that of parent GR [1, 2] .
Synthesis of 1 was performed by a solid-phase method using oxime resin [6] . The homogeneity of 1 was confirmed by thin-layer chromatography, high performance liquid chromatography, elemental analysis, and fast-atom bombardment mass spectrometry.
The antibiotic activities of 1, GR and GS are summarized in Table 1 . 1 showed the same antimicrobial activity as that of GR against all Gram-positive bacteria tested. In addition, 1 showed strong activity against Gramnegative bacteria; its activity against Pseudomonas aeruginosa IFO 3080 is two times higher than GS. Thus, 1 exhibited considerable antimicirobial activity against both Gram-positive and Gram-negative bacteria, although the hydrophobic -hydrophilic balance of the parent GR was no longer retained in 1.
To investigate the structure-activity relationship of 1, CD spectra of 1 and GR were measured in MeOH. In the CD spectrum of 1 a curve similar to that of GR was observed, but with weaker intensity (Fig. 1) . The results indicate that the conformation of 1 is similar to that of GR, but the conformation was distorted or destabilized compared with the parent GR. The CD spectra reflect the stability of the secondary structure of GR and GR analogues, which is usually related to their antimicrobial activity against Grampositive bacteria [1, 2] . However, a good correlation between the CD spectra and antimicrobial activity for polycationic 1 could not be found.
Thus, 1 is the first example of GR analogue with strong activities against both Gram-positive and Gram-negative bacteria. Currently, we are investigating the design and synthesis of other amphiphilic cyclopeptides with strong activities against both Gram-positive and Gram-negative bacteria on the basis of the present studies.
Experimental
Melting points were measured on Mel-Temp II melting point apparatus (Laboratory Devices USA) and are uncorrected. Low-resolution mass spectra (LR-MS) were obtained by using FAB-MS on a JEOL600H mass spectrometer. CD spectra were recorded on a Jasco J-820 spectropolarimeter using a quarts cell of 0.5 mm pathlength. The CD spectra in MeOH were measured at a peptide concentration of 1.10ϫ10 Ϫ4 M at room temperature. 
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